Hyperglycemic clamp and hyperinsulinemic euglycemic clamp techniques were used to investigate the effects of type of diet and salinomycin supplementation on the insulin secretory response to glucose and tissue responsiveness to insulin in adult sheep. The sheep were fed a high-roughage and a high-concentrate diet at equal energy intakes with or without 20ppm of salinomycin for 3 weeks. Basal plasma glucose concentrations were unaffected by type of diet or salinomycin supplementation in both glucose clamp experiments. The ratio of plasma insulin increments to glucose infusion rates in the hyperglycemic clamp experiment and the glucose infusion rate in the hyperinsulinemic euglycemic clamp experiment were unaffected by type of diet or salinomycin supplementation.
Salinomycin (SL) is an ionophore antibiotic that improves feed conversion in cattle14, 15, 19, 24, 25) .
Among the effects of SL, it is generally consistent that SL supplementation increases the ruminal propionate percentage regardless of the type of diet 14, 15, 19, 24, 25) . Besides this effect on the ruminal volatile fatty acids, some investigators have reported that insulin secretion and glucose metabolism were affected by SL supplementation. Terashima et al.25) reported that 200mg/d of SL supplementation stimulated the insulin secretory response to feeding in fattening steers fed high or low-concentrate diets. Ambo et al.3) observed that glucose clearance and the insulin secretory response to glucose during an intravenous glucose tolerance test were enhanced by 20ppm of SL supplementation in sheep fed a roughage-based diet. In contrast, Sano et al.21) reported that insulin secretory responses to feeding and to glucose and peripheral tissue responsiveness to insulin, as measured by glucose clamp techniques, were not influenced by 20mg/ d of SL supplementation in sheep fed a high-roughage diet. Thus, conclusions concerning the effects of SL on insulin secretion and action are uncertain and results are inconsistent.
The present experiment was designed to evaluate the effect of type of diet, dietary SL supplementation and their interaction on the insulin secretory response to glucose and on tissue responsiveness to insulin using glucose clamp techniques in sheep fed high-roughage or high-concentrate diets with or without SL supplementation.
Materials
and Methods Water and mineral block were available free access.
Animals and Feeding
Animals were fed the high-roughage diets with (two sheep) or without (the other two sheep) SL supplementation for 3 weeks. Salinomycin treatments were then switched and continued for 3 weeks. Thereafter, all animals were adjusted to the highconcentrate diet by gradually increasing the supply of concentrate over 4 days, and then animals were fed the high-concentrate diet with or without SL in the same manner as for the high-roughage diet for periods of 3 weeks. Glucose clamp experiments were conducted during the last week of each dietary treatment.
Glucose clamp Catheters for infusion and for blood sampling were inserted into a jugular vein at least 1 day and into the elevated carotid artery at least 2 hours before the experiment, respectively.
A hyperglycemic clamp experiment (HGC) was used for determination of the insulin secretory response to exogenous glucose infusion. A sterile glucose solution (20% (W/V)) was infused through the infusion catheter via a peristaltic pump (Model AC-2120, ATTO Co. Ltd., Japan) for 100min starting at 11:00. Plasma glucose concentration was raised by 35mg/dl above the preinfusion level (a mean of three determinations) over the first 50 min of infusion and then maintained at this level by adjusting the glucose infusion rate at 5min intervals. The glucose infusion rate was measured at 10min intervals and blood samples (3ml) were taken from the arterial catheter at 5min intervals. An aliquot of blood (1ml) was immediately centrifuged and the plasma glucose concentration was determined.
Residual blood samples at 10min intervals were stored in ice until centrifugation.
The hyperinsulinemic euglycemic clamp experiment (EGC) was carried out to determine tissue responsiveness to insulin (insulin action on peripheral tissues).
The insulin solution (400U/l sterile saline; Actrapid monocomponent porcine insulin, Novo Nordisk, Denmark) was infused through the infusion catheter via a peristaltic pump at a constant rate of 6.0mU/kg BW/ min for 120min starting at 11:00.
A glucose solution (20% (W/V)) was variably infused through the same catheter via the other peristaltic pump to maintain the preinfusion plasma glucose concentration (a mean of three determinations).
Measurements of infused glucose and plasma glucose concentration, and blood sampling were carried out as described in HGC.
In both experiments, blood samples were
Analysis
Feed intake was measured throughout the experimental period. Plasma glucose concentrations were determined by a glucose analyzer (Glucoroder-S, Shino Test/AIC., Japan) during the glucose clamp experiments and by a glucose oxidase method7) inlaboratory analysis.
Plasma insulin concentrations were assayed by a radioimmunoassay kit (IRI 'Eiken', Eiken Chemical Co. Ltd., Japan).
Plasma insulin concentrations were determined at 10min intervals in HGC and at 20min intervals in EGC.
Calculation
In HGC, the mean glucose infusion rate and the increment in plasma insulin concentrations over the preinfusion value during the last 50min of infusion were calculated and termed GIR and MPII, respectively.
In EGC, the GIR and MPII were calculated during the last 60min of insulin infusion. supplementation decreased the estimated TDN intake when the high-roughage diet was fed, but had no effect when the high-concentrate diet was fed.
Hyperglycemic clamp Data from two of the sixteen experiments were deleted because the plasma glucose concentrations exceeded the desired concentrations during the last 50 min of infusion. Thus, the number of animals for the high-roughage diet with SL and the high-concentrate diet without SL was three (Table 1) .
Basal plasma glucose concentrations were not affected by type of diet or SL supplementation (Table  1) . Basal plasma insulin concentrations were lower (P<0.05) for the high-concentrate diet and tended to decrease (P<0.10) with SL supplementation. A significant interaction (P<0.05) was also found in basal plasma insulin concentrations.
Salinomycin supplementation decreased basal plasma insulin concentrations when the high-roughage diet was fed, but levels were unaffected when the high-concentrate diet was fed. Plasma glucose concentrations increased (P< 0.05) with glucose infusion and were clamped at close to 35mg/dl above the preinfusion values during the last 50min of infusion (Fig. 1) . Clamped glucose concentrations were higher (P<0.01) for the highroughage diet (Table 1) . Plasma insulin concentrations were also increased (P<0.05) by glucose infusion, and were relatively stable during the last 50min
of infusion (Fig. 1) . The GIR, MPII and MPII/ GIR were unaffected by type of diet or SL supplementation (Table 1) .
Hyperinsulinemic euglycemic clamp
The basal plasma glucose and insulin concentrations were unaffected by type of diet or SL supplementation (Table 2) . Plasma insulin concentrations were increased (P<0.05) by insulin infusion (Fig. 2) . Plasma glucose concentrations were maintained at preinfusion values during the last 60min of insulin infusion. The MPII was higher (P<0.05) for the high-concentrate diet ( Table 2 ). The GIR was unaffected by type of diet or SL supplementation.
Discussion
Some reports showed that SL supplementation decreased feed intake in roughage-based19,24) or concentrate-based diets14,15). In the present experiment, SL supplementation decreased daily TDN intake for the high-roughage diet, but not for the high- low-concentrate diet. Zinn27) showed that there were no interaction between forage levels and SL on feed intake in the feedlot cattle. These findings suggest that the effect of SL supplementation on feed intake may be modified by several factors, such as species, energy density and composition of diet. 
